Objective: A major factor contributing to neonatal and maternal infections is unhygienic delivery practices. This study explores the impact of clean delivery kit (CDK) use on clean delivery practices during home and facility deliveries.
Introduction
Puerperal sepsis causes approximately 75 000 maternal deaths every year, mostly in resource poor settings in which the majority of births take place at home, without the presence of a skilled birth attendant and under unhygienic conditions. 1, 2 In addition, a substantial number of newborn deaths (36%) are due to infections, 3 a significant proportion of which stem from umbilical cord infections that develop because of unhygienic delivery and subsequent unhygienic cord care practices. [3] [4] [5] [6] Both maternal puerperal and neonatal umbilical cord infections are preventable and can be reduced by promoting clean delivery and clean cord care practices along with discouraging harmful practices. 7, 8 The World Health Organization promotes the practice of 'six cleans' during delivery: (1) clean hands of the birth attendant, (2) clean delivery surface, (3) clean perineum of the mother, (4) clean cord cutting instrument, (5) clean cord tying instrument, and (6) clean cord care. Clean delivery kits (CDKs) are prepackaged, single-use, disposable kits containing essential items for conducting clean deliveries. Most kits contain soap, a plastic sheet, a blade, and sterilized thread. Several studies have shown that the use of a CDK, especially in settings in which the majority of deliveries are conducted in the home and/or under unhygienic conditions, can help mothers and newborns avoid life-threatening infections, [9] [10] [11] [12] [13] [14] in part not only by replacing traditional supplies and applications, but also by influencing behavior change at the time of delivery. 9 Birth attendants perceive the kit to be hygienic, convenient, and culturally acceptable. 15 However, it was found that lack of knowledge of basic hygiene practices and of understanding of the kit's importance for preventing maternal and neonatal infections were limiting factors to the appropriate use of CDK items. 15 Thus, health education messages focusing on clean delivery practices were essential to bring about behavior change along with kit distribution.
In rural areas of Middle and Upper Egypt, as in much of the developing world, the majority of births take place in the home and are typically attended to by a daya (traditional birth attendant), family member, neighbor, or by a trained birth attendant.
Puerperal sepsis ranks third among the direct causes of maternal mortality in Egypt, where substandard delivery practices by the daya are identified as one of the most significant risk factors associated with puerperal sepsis mortality. 17 Estimates of infection as a cause of neonatal death in Egypt vary between 7 and 20%, depending on the definition used to classify the deaths. 18 In a study conducted by the Healthy Mother/Healthy Child Results Project in the district of Ihnasia, 73% of deliveries occurred in the home and 62% of these women were attended to by a daya.
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Antiseptic was used for hand cleansing in only 9% of all deliveries, and estimated use of non-sterile materials for cutting and tying the cord was about 38%. 19 Two-thirds (67%) of home deliveries were conducted on the floor and more than half (54%) of the deliveries that were conducted on the floor took place on unclean materials, such as the carpet, an old cloth, or a woolen blanket. 19 Darmstadt et al. 20 reported unhygienic cord care and lack of disinfection of instruments used during delivery as common practices among dayas delivering in rural areas of Egypt. Furthermore, a study from rural Egypt reported that although many newborn care practices during the first week of life met neonatal care standards, such as immediate breast feeding and delayed bathing, there were several neonatal care practices that could be further improved to ensure newborn survival. 21 In 1998, the Ministry of Health and Population of Egypt started to distribute CDKs from primary health care centers in Lower and Upper Egypt with the goal of achieving clean delivery for all women. This study was conducted to assess the impact of CDK use on clean delivery practices and to explore CDK acceptability among local birth attendants who used the kit.
Methods

Study setting
The study was conducted from mid-March through mid-July 2001 in El-Awana and Nena villages in Ihnasia district of Beni Suef Governorate (Upper Egypt). These particular study sites were selected based on availability of trained community workers (raedat) and dayas, and a good working relationship with the Ihnasia district director, a qualified female obstetrician, who facilitated the study logistics.
Birth kit distribution and promotion CDKs were made available at the government maternal and child health facilities and other primary health centers. Nurses at each health facility were responsible for the provision of CDKs to pregnant women, dayas performing deliveries in the area, and doctors, nurses, and midwives practicing in the area. One month before the start of the study, all pregnant women were identified by a house-to-house survey and motivated by the raedat (community health workers recruited from within the community) to go to the local health facility to obtain a free CDK and access antenatal care (ANC). Pregnant women were instructed on CDK importance, use, and sanitary disposal by the raedat as well as by the facility nurse when they went to collect their free CDK. A training module, developed in keeping with World Health Organization's recommended clean delivery practices, was used to train dayas on the importance of clean delivery practices and CDK use and sanitary disposal during a training session conducted by trainers especially hired for this purpose. In the case of facility deliveries, local private health providers were also encouraged to use the kit and were given kits on demand. The kit was locally designed by John Snow Inc. and the Ministry of Health and Population. The kit contained an opaque white plastic sheet, a roll of gauze, a sterilized and sealed umbilical cord clamp, a sterile single-use disposable scalpel, two sterile and sealed gauze sponges, one pair of sterile latex surgical gloves, a sterile single-use bulb syringe, sealed Dixon thread, two sealed swabs saturated with 70% isopropyl alcohol, a sealed container of 10% povidone iodine, a plastic single-use apron, and a pictorial instruction sheet for kit use and danger signs that require immediate referral.
Data collection
The study was designed as a cross-sectional cohort study. Each raedat maintained a record of all pregnancies and deliveries in her assigned catchment area during the study period. Raedat visited each woman during the first week postpartum to administer a structured questionnaire on clean delivery practices and CDK use. Raedat, some of who were nurses, had at least some high school education and had earlier experience in conducting home-based interviews. All raedat attended training on study objectives, identification, recruitment, and tracking of eligible women and study relevance of each question. Quality of data was checked through supervision and re-interviews of 5% of women by a senior supervisory raeda. In-depth interviews were conducted by senior obstetricians with 30 birth attendants on acceptability of the CDK. The study instruments were developed in colloquial Arabic and verbal consent was obtained from all respondents before participation in the study. The study was approved by the Healthy Mother/Healthy Child Results Project of the Ministry of Health and Population and by the Egyptian office of the United States Agency for International Development.
Data analysis
Data analysis was done using STATA 9.0 (STATA Corp, College Station, Texas, USA). Data analysis focused on measuring the impact of CDK use on clean delivery practices, including clean delivery surface, clean hands before delivery, clean perineum, and clean cord cutting, tying, and care. Differences between proportions of CDK users versus non-users, to determine bivariate associations with clean delivery practices, were measured using the w 2 test with statistical significance defined as P<0.05. The results from the Fisher's Exact test were reported when warranted. Qualitative analysis included review of each interview transcript, coding, and summarizing as per predetermined themes.
Results
Study population
A total of 349 mothers were interviewed, ranging in age from 16 to 40 years, mean age was 25 years (standard deviation ¼ 5.4), and 90% were p33 years of age at the time of the interview. Age of newborns at the time of interview ranged from 0 to 26 days, mean age was 4 days (standard deviation ¼ 3.5), and 90% were p7 days of age at the time of interview. Approximately 54% of neonates were male (188/349). Approximately 35% (34.7%) and 65.3% of mothers were from Nena and Awawna, respectively.
ANC attendance and kit use
During the postpartum home visit, 76.2% (266/349) mothers had attended at least one ANC visit, of which, 69.8% (186/266) sought care from a government facility and 30.2% (80/266) sought care from a private provider. Of the mothers who attended ANC, 17.8% (47/266) had only one ANC visit, 37.2% (99/266) had two ANC visits, 15.4% (41/266) had three ANC visits, and 29.7% (79/266) had four or more than four ANC visits. Of the mothers who used a CDK, 83.7% (216/258) had attended at least one ANC visit, and among mothers who did not use a CDK, only 55.0% (50/91) attended at least one ANC. Mothers who used a CDK were four times more likely (odds ratio (OR) ¼ 4.2; 95% confidence interval (CI): 2.5, 7.2; P<0.001) to have had at least one ANC check up as compared with mothers who did not use a CDK. Similarly, mothers who used a CDK were significantly more likely (OR ¼ 4.0; 95% CI: 2.4, 6.6; P<0.001) to have had at least two ANC check ups compared with mothers who did not use a CDK; and mothers who used a CDK were significantly more likely (OR ¼ 2.7; 95% CI: 1.5, 4.7; P<0.001) to have had at least three ANC check ups as compared with mothers who did not use a CDK.
Irrespective of where ANC was sought, almost all mothers delivering in the home, who used a CDK (214/284), obtained the CDK from a local government primary care center (211/214) or from the daya (3/214).
Clean delivery practices: home deliveries
The majority of births (81.4%, 284/349) took place in the home. Table 1 shows the clean delivery practices associated with home deliveries. Approximately 88.4% (251/284) and 11.6% (33/284) of home deliveries were conducted by a daya and a trained birth attendant, respectively. Use of a CDK for home delivery was high (75.4%, 214/284). Almost 74.5% (187/251) of dayas and 81.8% (27/33) of trained birth attendants used a CDK during home delivery.
Delivery surface. Forty nine percent (140/284) of home deliveries took place on the floor, and 32.0% (91/284) were Umbilical cord dressing. Almost 79% (169/214) of CDK users used the gauze from the CDK to cover the umbilical stump, whereas other kit users left it uncovered (8.4%, 18/214), used new gauze from the home (7.0%, 15/214), old cotton from the home (2.8%, 6/214), or old cloth from the home (2.8%, 6/214). Almost 70% (68.7%, 195/284) of all mothers delivering in the home mentioned that the stump cover used was sterile (new gauze from the home, gauze from the kit) or the stump was left uncovered (15.5%, 44/284). CDK users were more likely (P<0.001) to use a sterile cover (gauze from CDK or home) as compared with non-CDK users. Similarly, CDK users were more likely to practice clean cord care (apply a sterile covering or leave the cord uncovered) (P<0.001) as compared with when a CDK was not used.
Clean delivery practices: facility deliveries
For women delivering in the facility, a CDK was used approximately 67.7% (44/65) of the time. Table 2 shows the clean delivery practices for facility deliveries.
Delivery surface. All mothers delivered on a hospital bed or delivery table. However, 13.8% (9/65) of mothers mentioned that they delivered on an unclean surface (haseera or unclean cloth). There was no difference between CDK users and non-users with regard to delivery on a clean surface at the facility.
Hand cleansing. After dropping observations (14/65) in which mothers mentioned that they did not know whether the attendant Almost 80% of the mothers (79.7%, 47/59) delivering in a facility mentioned that the birth attendant used an antiseptic and 13.6% (8/59) mentioned nothing was applied to the cord immediately after cutting. There was no significant difference between CDK users and non-users with regard to stump sterilization immediately after cutting.
Umbilical cord dressing. Almost 50% (47.7%, 21/44) of CDK users used the kits gauze to cover the umbilical stump after cutting. Others used new gauze from the facility (29.5%, 13/44) or left the stump uncovered (13.6%, 6/44). Over 65.0% (67.7%, 44/65) of all mothers mentioned that the cover used was sterile (gauze from the CDK or new gauze from the facility) and 15.4% (10/65) mothers mentioned that the cord was left uncovered (Table 2) . CDK users were more likely (P ¼ 0.030) to apply a sterile covering (gauze from the CDK or new gauze from the home) than non-CDK users, who were more likely to use loose cotton from the facility. Similarly, CDK users were more likely (P ¼ 0.039) to practice clean cord care (use a sterile stump cover or leave the stump uncovered) as compared with non-kit users. 
CDK acceptability
A majority of CDK users (89.1%, 230/258) indicated that they intended to use the CDK for their next delivery. A considerable proportion of mothers (78.7%, 203/258) mentioned that they would be willing to share the cost of the CDK and were willing to contribute up to 5 Egyptian pounds (United States Dollars 1.10) per CDK. Mothers who said they would not be willing to pay for a kit mentioned that the essential itemsFblade, thread, and soap to wash handsFwere easily available in the market at a low cost. In-depth interviews were conducted with a total of 30 birth attendants: 11 physicians, 2 nurses, 6 midwives, and 11 dayas. All nurses and midwives, and almost all dayas and physicians had heard about the CDK and knew that they could obtain them from local primary health care facilities. Most respondents mentioned that they used the CDK provided by the household during delivery and were aware of the use and importance of each of the kit items. A few attendants mentioned that the following items would be useful to include in the kit: soap bar, suction machine for the mother's breasts, eye drops for the baby, wide gauze, cotton, a clean cloth sheet, and an increased number of gloves. Some dayas said that they placed a cloth sheet on top of the plastic sheet as the plastic sheet was slippery and women did not feel comfortable lying on it during delivery. Others said that the plastic sheet was too small and they gave it to the mother to be used for the baby instead. Several dayas preferred using thread instead of the umbilical clamp, but most dayas mentioned using both the thread and clamp. Very few mentioned that they used the clamp only. On further probing, most dayas said that they left it up to the mother to decide, whether she wanted to use the clamp. Most birth attendants felt that the antiseptic provided in the CDK was useful. Some dayas mentioned that they gave the unused portion of antiseptic back to the mother after delivery and asked her to put it in warm water and sit in it for hygiene. Several dayas asked for an additional pair of gloves, one for examination and one for the delivery.
Regarding the possibility of sharing the costs of the CDK by making small contributions, almost all of the dayas, midwives, and doctors agreed, whereas none of the nurses accepted the idea. The amount of contribution they suggested they would be willing to make ranged from 1 Egyptian pound to 5 Egyptian pounds. The birth attendants surmised that mothers would be willing to contribute anywhere between 1 and 2 Egyptian pounds for the CDK, although most dayas felt that the mother would not be willing to contribute.
Discussion
This is the first study in Egypt to examine CDK use, acceptability, and its impact on clean delivery practices. The use of the CDK was associated with better compliance with ANC and a variety of infection control practices, including use of clean delivery surface, clean hands, clean perineum, clean umbilical stump tying, and subsequent care. There was a high level of acceptance by both mothers and birth attendants.
Mothers using a CDK were four times more likely to seek any ANC. In addition, CDK use was significantly associated with having attended more than one ANC visit. It appears that tying CDK availability to ANC attendance may be an effective strategy for increasing both CDK use and ANC attendance. A large number of mothers sought ANC from the private sector (30.7%), making it important to ensure that CDKs are made available not only at government facilities, but also at private clinics and hospitals.
Reasons for high incidence of cord infections in the developing world include delivery under unhygienic conditions, unhygienic cutting of the cord, application of unclean substances to the cord stump, and covering the stump with unclean fabric. 8, 18 Unhygienic delivery has been identified as a major cause of maternal puerperal sepsis in Egypt. 17 This study found that almost 50% of mothers delivering in the home still delivered on the floor. Some mothers who mentioned that the birth attendant had clean hands during home delivery also mentioned that the method of hand cleansing was only water (3.8%) and did not include soap or antiseptic. Similarly, some mothers who mentioned that their perineum was washed and cleaned before delivery also mentioned that the method of cleansing was washing with water only (9.8%). Interestingly, even among facility deliveries there was a significant difference in clean delivery practices among birth attendants using a CDK and those not using a CDK. Kit users at the facility were significantly more likely to have appropriately washed the mother's perineum and to have used a sterile cover for the umbilical stump as compared with non-kit users. In addition, 13.8% of mothers delivering in a facility reported delivering on an unclean surface.
An encouraging finding was that almost all mothers mentioned the cord was cut with a clean and sterile instrument. However, although management of cord cutting and tying is a critical step, what is put on the cord after cutting is also very important in infection control. A large number of CDK users who delivered in the home used the sterile cord clamp (75.7%), alcohol swab (76.3%), and gauze (79.0%) from the CDK to tie the cord, clean the umbilical stump immediately after cutting, and to dress the stump, respectively. CDK users were significantly more likely to use hygienic methods in tying, cleaning, and covering the newborn's cord during home deliveries.
Although most mothers (90%) were interviewed within seven days of delivery, it is possible that recall bias, because of the mother's inability to recollect or fully observe the birth attendant's delivery practices, could have affected the mother's reporting. An independent observer recording delivery practices at the time of the delivery would have been the ideal method to record delivery practices. Furthermore, we were unable to conduct a multivariate analysis to control for confounders such as earlier perinatal outcome of the mother, which could influence kit use. The bivariate analysis presented in this paper shows a strong relationship between CDK use and clean delivery practices. Future research should plan ahead to collect data on other important variables that could influence CDK uptake.
The CDK can provide the necessary components to make compliance with hygienic practices easier; however, its value can only be fully realized when it is included as part of a larger comprehensive strategy with a goal to eventually reduce maternal and newborn mortality. Mothers and family members should be advised during ANC visits about clean birth and newborn care practices, and how to correctly use the CDK. Training health care workers may be an effective way of educating women about the importance of a clean delivery and the usefulness of the CDK in achieving this. In addition, birth attendants, mothers, and family members should be educated to recognize signs and symptoms of cord infection and puerperal sepsis and to seek care from a health facility as soon as possible when signs are identified. In resource poor settings, such as Egypt, where facilities are not always well equipped and staff are not continuously trained and monitored, 19, 22 the CDK can prove to be a simple and cost-effective intervention in ensuring availability of basic implements needed to conduct a clean delivery, thus, reducing the risk of newborn umbilical cord and puerperal infections. 14 In conclusion, in settings in which unhygienic practices during home as well as facility deliveries are prevalent, inexpensive CDKs can help promote clean delivery practices. This study has identified several clean delivery practices that were more frequently implemented by CDK users as compared with non-users. However, some CDK users continued to report unhygienic delivery practicesFdelivering on the floor or cleansing without soapFindicating the need to conduct further research to better understand cultural practices surrounding the delivery process, possible barriers to adhering to clean delivery practices, and potential for modification of these behaviors. A more robust study design, for example, randomizing groups to receive or not receive a CDK would also help to further establish the impact of CDK use in influencing clean delivery practices.
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